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ABSTRACT 
 
In the context of mitigating climate change and 
increasing energy security, the use of bio-energy 
production is expected to play a major role. However, 
an increased use of woody biomass sources for bio-
energy production has in Sweden induced pressure on 
the woody biomass sources available and influenced 
forestry management. In this paper we analyze the 
competition of biomass sources and changes in 
management of woody resources induced by the joint 
expansion of the bioenergy sector and forest 
industries. Results show that increased demand of 
biomass sources may induce a short-term increase of 
forest harvesting. However, in the long-term, adequate 
biomass sources was found to be available to fulfill 
the joint demand of biomass sources for the 
production of bioenergy and woody products. 
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INTRODUCTION 
 
Modern use of biomass for energy purposes 
commonly spurs from a will to achieve climate goals, 
decrease greenhouse gas (GHG) emission, support 
rural development, and increase energy security. As 
biomass sources can substitute carbon expensive 
fossil-fuels (e.g coal, oil, gas) for heat, electricity and 
liquid fuel production, use of biomass is by numerous 
countries supported as a mean to achieve short-, 
medium-, and long-term climate targets. Furthermore, 
as biomass sources may be produced locally, their 
utilization supports rural development and decrease 
dependencies of foreign commodity imports, thereby 
decreasing a countries vulnerability to severe supply 
disruptions and price shocks. 
 
In many parts of the world, modern use of biomass has 
expanded rapidly in recent years, and biomass is in 
more and more countries perceived as a vital source of 
renewable energy. Particularly in countries with 
abundant supply of biomass sources, biomass has 
shown to be cost competitive to conventional fossil-
fuels for heating and electricity generation. Most of 
the biomass currently being used in Europe for energy 
purposes is forestry biomass, and Sweden is one of 
Europe’s largest users of forestry biomass for energy 
purposes. In Sweden, biomass and biofuels (including 
peat, waste, and biofuels such as tall oil, black liquor, 
ethanol, biogas) supplied 10% (173 PJ) of the total 
national primary energy use in 1980, and has since 
steadily increased over the years to in 2009 supply 
22% (457 PJ) [1]. Biomass sources are mainly used by 
the forestry, pulp & paper industries (184 PJ in 2009), 
district heating sector (180 PJ in 2009), industrial 
sector (50 PJ in 2009), and by private consumers (41 
PJ in 2008) [1, 2].  See Table 1 for an overview of the 
main biomass sources currently being used by the 
bioenergy sector.  
 
Table 1: The main biomass sources being used for 
bioenergy production in Sweden 
Sector Main biomass sources being used 
Forest 
industries 
- Industrial by-products (bark, saw-
dust, etc.) 
- Unprocessed forestry residues  
Pulp & paper 
industries  
- Tall oil  
- Black liquor 
District 
heating  
- Wood fuels (logging residues, 
wood with no industrial uses, 
recycled wood, short rotation 
forestry) 
- Processed forestry residues 
(pellets, briquettes) 
- Waste 
- Peat  
Industrial 
sector 
- Logging residues wood with no 
industrial use 
- Waste 
- Peat  
Private users - Firewood 
- Processed forestry residues 
 
As bioenergy production in Sweden is to a high degree 
depending on forestry biomass sources, the 
agricultural sector only supplied 5.4 PJ of bioenergy in 
2005 [3], the strong growth of the bioenergy sector has 
induced competition for forestry biomass sources and 
altered forestry management and harvesting strategies. 
While the bioenergy sector currently is mostly using 
forestry biomass sources not in demand by other 
sectors (e.g. forestry residues, wood with no industrial 
purposes), it is likely that it will increasingly be 
relying on biomass sources traditionally used for the 
production of woody materials and paper. It has for 
example been observed during the last years that 
pulpwood has to some extent been sold to district 
heating plants if they are closer to the harvesting sites 
than sawmills and pulp & paper factories. Also, 
harvesting operations have been noted to increase the 
minimum diameter for pulpwood, resulting in a larger 
crown and increased production of woody chips for 
bioenergy production. While the forestry biomass 
sources available for bioenergy production may 
diversify in the future (e.g. stump harvesting, intensive 
forest management), a continued high expansion rate 
of the bioenergy sector may force the bioenergy sector 
to rely even further on biomass sources traditionally 
used for other purposes. Particularly if political 
instruments are put into place to reach optimistic 
climate targets, a strong expansion of the bioenergy 
sector may induce high pressure on the available 
biomass sources. Sectorial competition for the 
biomass sources may increase, induce changes in 
management of biomass source, induce environmental 
damages, drive up the price of biomass sources, as 
well as decrease the growth potential of some sectors. 
   
While numerous studies have analyzed the 
development of the bioenergy sector in terms of the 
use of food crops for biofuel production [4], or the 
bioenergy production potential based on freed up and 
un-utilized agricultural land [5], few have investigated 
the implications of the growth of the bioenergy sector 
concerning the use of forestry biomass sources and 
induced competition of forestry biomass sources [6].  
Energy system model that may be used to estimate the 
development of the bioenergy sector typically only 
considers the amount of biomass sources available for 
energy purposes and do not consider the development 
of other sectors that rely on biomass sources [7, 8]. 
Related sectors are assumed to develop in an 
exogenously defined manner even if the supply of 
biomass sources changes. However, as numerous 
sectors are dependent on the biomass sources, it is 
important to jointly consider all sectors in a common 
prospective methodology, according to which the 
development of the sectors can be evaluated and the 
link between the sectors can be analyzed.  
 
The main aim of the paper is to study how the growth 
of the bioenergy sector may induce competition for 
forestry biomass sources and changes in forestry 
management. We particularly focus on how the 
growth of the bioenergy sector may impact the 
national forest harvest level, and which forestry and 
agricultural biomass sources will be used for 
bioenergy purposes. For this, we use a prospective 
energy system model that jointly considers the 
bioenergy sector and forest related industries. The 
model endogenously computes from the perspective of 
a least total system cost development of the energy 
system: which biomass sources will be used by the 
different sectors, the marginal price of biomass 
sources, and the resulting national forest harvest level. 
 
MULTI-SECTORIAL TIMES MODEL 
 
To analyze the impact of an expanding bioenergy 
sectors on forestry management and forestry related 
industries, we use a joint TIMES energy system 
model. The proposed multisectorial model is based on 
the MARKAL/TIMES modeling framework [9, 10, 
11, 12], which are partial-equilibrium, linear-
programming models for which the short-, medium-, 
or long-term development of an energy system can be 
represented and analyzed. The model is driven by the 
demand of some specific commodities (e.g. heat, 
biofuels, electricity, woody products), and is based on 
a technology rich, bottom-up approach in which 
typically a large number of technologies can supply 
the different demands (e.g. 1st and 2nd generation 
biofuel conversion technologies). The proposed 
TIMES energy system model jointly considers forestry 
and agricultural biomass sources, and how the biomass 
sources may be used to produce woody products (saw 
material, boards, panels), pulp & paper, district 
heating, electricity, heat, and biofuels. A range of fully 
commercial, newly integrated, as well as technologies 
currently under development are considered in the 
model to give a full picture of both current and 
developing conversion technologies. 
 
As the focus of the study is on the forestry biomass 
sources and the forest industries, the competitiveness 
of the bioenergy sector were not evaluated within the 
frame of this report (e.g. electricity production from 
biomass, nuclear, hydro), nor competition for 
agricultural biomass sources (e.g. food vs. fuel 
discussion). While a full range of agricultural biomass 
sources was considered in the constructed TIMES 
model (e.g. starch crops, oil crops, grassy crops, 
woody crops, agricultural residues), only freed-up 
agricultural land no longer required for food & feed 
production was assumed to be available for growing 
energy crops. Improved productivity of food crops as 
well as technological progress has been forecasted to 
increase yields agricultural crops and freeing up land 
for other purposes [13]. Assuming a constant self-
reliance level of agricultural crops, only domestic 
agricultural biomass sources without compromising 
food & feed production was assumed to be used for 
growing energy crops.  
 
A full range of forestry biomass sources was 
considered as available for bioenergy purposes (e.g. 
forestry residues, pulpwood, saw timber, refined 
woody products). To accurately consider the flows of 
commodities between processes, a large number of 
woody by-products were also considered in the 
constructed model (e.g. bark, sawdust, wood chips, 
black liquor, and pulp). See Figure 1 for an overview 
of the considered flow of commodities for the forest 
industries. While a large proportion of the woody by-
products being produced by forest industries are being 
used for the production of panels, boards, and paper, 
significant amounts are also for bioenergy production. 
Some of the woody by-products are being used 
directly at the industries to produce heat and electricity 
for the internal process, however, large quantities are 
also sold to CHP plants. 
 
As the demand for biomass sources may affect 
forestry management, the national forest harvest level 
was endogenously computed by the model. The 
harvest level is endogenously computed from a set of 
exogenously computed applicable and long-term 
sustainable forest harvest scenarios. Eight harvest 
scenarios were exogenously created, including a 
reference harvest scenario (BAU) corresponding to 
continuation of the current trend in forestry harvesting. 
The harvest scenarios result in high and low harvest 
levels during different time periods. As all linear 
combinations of the exogenously computed harvest 
scenarios are also applicable and feasible harvest 
scenarios, the optimal harvest scenario was 
endogenously computed by the TIMES model as a 
linear combination of the exogenously defined harvest 
scenarios. As the rotation age of trees in Sweden is 
relatively long, 70 years is common, the development 
of the energy system was studied until 2100 for long-
term sustainable forest harvest scenarios to be 
considered. 
 
To evaluate the sensitivity of the optimal forest 
harvest level and the development of the Swedish 
bioenergy system to key parameters, a number of case 
scenarios were developed. With the developed set of 
scenarios, sensitivity analysis of model results could 
be evaluated according to principal economical, 
technical, and resource assumptions. In all, six 
scenarios were created concerning the demand of 
bioenergy and woody products (three concerning 
demand of bioenergy and three concerning demand of 
woody products), and five scenarios concerning the 
cost and availability of agricultural biomass sources (a 
base case scenario, two concerning cost of agricultural 
biomass sources, two concerning potential of 
agricultural biomass sources). 
 
RESULTS 
 
Overall, the results show that increased competition 
for biomass sources may affect the national forestry 
harvest level and induce changes in which biomass 
source are being used for bioenergy production.  
 
The increased demand of forestry biomass sources 
was found to be likely to induce a short-term increase 
in the national forest harvest level (see Figure 2). 
Increased pressure on woody biomass sources was 
found to increase forest harvest between the years 
2010 and 2035 in comparison to the BAU harvest 
scenario. After a peak in harvest in 2035, high harvest 
during earlier periods forced the forest harvest level to 
decrease below that of the BAU harvest scenario. 
Thus, in the long-term the computed forest harvest 
level was found to stabilize to that of the BAU harvest 
scenario.  
 
Figure 2: National forest harvest level according 
to the predefined reference harvest scenario 
(BAU) and the endogenously computed harvest 
level computed by the TIMES model (Computed 
harvest level). Harvest of forestry biomass is 
expressed in terms of metric tons per year and 
constitutes the stacked harvest of pulpwood, 
timber, and forestry residues.  
Figure 1: Overview of the considered flow of 
commodities for the forest industries. White 
boxes represent commodities while gray boxes 
represent technologies/processes. 
The endogenously computed forest harvest level was 
found to be surprisingly robust to changes in key 
parameters. Sensitivity analysis based on the 
developed case scenarios showed that the computed 
forest harvest level was stable to the considered 
changes in demand of bioenergy, supply of 
agricultural biomass sources, as well as cost of 
agricultural biomass sources. The computed forest 
harvest level was only found to be influenced by a 
decrease in demand of woody products, and this to a 
fairly moderate degree. If the increment in demand of 
woody products will be low (approximately 30% 
lower than in the base case), then the computed 
harvest level was found to convert to that of the BAU 
harvest scenario all through the planning horizon.  
 
The induced pressure on forestry biomass sources was 
also observed to influence the use of forestry and 
agricultural biomass sources for bioenergy production 
(see Figure 3). Harvesting of forestry residues was 
observed to increase from its current level to peak in 
the year 2025. However, after 2025 the use of forestry 
residues for bioenergy purposes was observed to 
decrease, and the increasing demand of biomass 
sources for bioenergy production was instead 
supported by woody crops grown on freed-up 
agricultural land (e.g. willow, poplar). Large amounts 
of woody crops were estimated to be grown on 
agricultural land after 2020 to support an increased 
demand of biomass sources for the production of 
woody products and bioenergy. Thus, after 2020, the 
bioenergy sector starts using a large proportion of 
woody crops instead of forestry residues as feedstocks 
for electricity and heat production. Note however, that 
the decrease in use of forestry residues for bioenergy 
purposes was to a high degree due to a decrease in the 
availability of forestry residues and not by a decrease 
in the share of available forestry residues being 
harvested. Forestry residues were assumed to only be 
collected from final felling, and as the national harvest 
level decreases, so does the availability of forestry 
residues.  
 
DISCUSSION 
 
While the increased joint demand of biomass sources 
by forest industries and the bioenergy sector was 
found to be likely to induce a short-term increase in 
the national forest harvest level, it did not induce a 
long-term deviation from the current trend of forest 
harvesting. The increase in forest harvesting was still 
relatively small and only lasted over a short period of 
time. As the amount of freed up agricultural land from 
food and feed production increases, a large amount of 
energy crops may be grown on agricultural land, 
increasing the supply of biomass sources. In the long-
term, the harvest level stabilized to that of the 
reference harvest scenario corresponding to a 
continuation of the current trend in forest harvesting. 
This indicates that the impact on forestry management 
may be significant in the short-term, but less 
significant in the long-term. An adequate and reliable 
supply of biomass sources can be materialized to 
support both bioenergy generation and the needs of 
forest industries. 
 
However, the results show that a short-term increase is 
the forest harvest level would be beneficial for the 
joint development of the bioenergy sector and forest 
industries. If supply of biomass sources is not 
mobilized fast enough to match demand, this may lead 
to shortages in pulpwood, and price of biomass 
sources may rise even as production costs continue to 
fall. However, as logging and transportation 
techniques for forestry biomass are well developed, 
and as the logistic chain from harvesting sites to 
factories is well mature, Sweden is in a good position 
for performing such an increase in forest harvesting. 
Forestry biomass sources could thus act as a supply 
buffer until the production of energy crops has been 
increased.  
 
It is important to consider that the potential forest 
harvest level is only a theoretical measure, and a 
realization of the harvest level is dependent on a 
number of factors. In actual conditions, the timing of 
forest harvesting operations is decided by forest 
owners, whom may require further incentives to 
increase harvest rates. As the current national forest 
harvest level is much lower than the annual forest 
increment, economical incentives may have to be put 
into place to increase harvest levels. Such incentives 
would help to safeguard the supply of biomass sources 
at a price that support the development of the 
bioenergy sectors and forest industries. 
 
Furthermore, steps may have to be taken to ensure the 
production development of energy crops. Production 
in Sweden of energy crops has been modest so far and 
numerous obstacles need to be overcome for a large 
scale production to mobilize. Significant 
developments are required in terms of supply 
infrastructure, production chain, and distribution 
chain. There is also a considerable amount of 
uncertainty around the attractiveness of energy crops, 
Figure 3: Harvest of woody crops and forestry 
residues for bio-energy purposes (heat & electricity). 
Harvest of biomass sources is expressed in terms of 
Million of tons of dry biomass per year.  
an uncertainty that creates hesitation towards energy 
crops on the parts of companies and farmers. Farmers 
may not be willing to switch from annual crops to 
growing energy crops with a rotation period of 20 to 
30 years until instruments are put into place to 
guarantee sufficient demand at a profitability level 10 
to 15 years from now. Until a stable and sustainable 
demand of energy crops is proven, farmers may be 
unwilling to switch to energy crops that take two 
harvest cycles to recoup initial investments and that 
only generate income every three to five years. 
 
While heat and power generation from biomass 
sources can reduce GHG emission, production and 
logistics need to be performed in a sustainable 
manner. Large-scale biomass production of energy 
crops will require new legislations and the setting of 
industrial standards for biodiversity and other 
environmental values not to suffer. It is difficult to 
predict the potential impact on environmental and 
biodiversity values by a short-term increase in forest 
harvesting. Increased harvest operations may inflict 
damage to key animal habitats, and as the age 
structure of the forest will be affected by the increased 
harvest, the amount of available habitats of some 
species may be affected. The supply of dead tree 
biomass in the forest may affect the forest ecosystem. 
However, biodiversity issues are commonly 
considered when logging operations take place. 
Legislations and industrial standards to prevent loss of 
biodiversity have been developed over a long time and 
may be considered as mature. Also, as Swedish 
legislation does not allow deforestation, the impact on 
environmental and biodiversity values may be minor. 
Furthermore, as a decrease in forest harvest would 
take place after the peak year, the resulting forest 
volume in 2100 would be the same as if forestry 
harvesting would continue according to the current 
trend. 
CONCLUSIONS 
 
This study indicates that the demand for forestry 
biomass sources for the production bioenergy and 
woody products may induce a short-term increase in 
the Swedish forest harvest level. This calls for better 
co-ordination of forestry, agricultural and energy 
policies to make sure that industrial and environmental 
values are not hampered. Although biomass 
production can be increased significantly in the near 
future both in terms of increased land and feedstocks 
available for bioenergy production, it is nonetheless a 
limited resource.  
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